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Abstract

Blood glucose testing (BGT) by glucose meters is useful for glycemic control in
diabetic patients to avoid complications. BGT is the most widely used point of care testing in
hospitals and hospitals for health promotion in Thailand. The objective of this article was to
update the information on blood glucose testing by glucose meter focusing on principle of
measurement, enzyme, co-enzyme, and important characteristic data that were indicated in
publications and/or in packaging inserts. Data for 106 glucose meters that were used in Thailand’s
hospital settings and published in research articles from 2011-2016 were reviewed and
summarized. The most commonly used technology principle for BGT by glucose meter was
GDH-amperometry (54.7%). Capillary blood was a common sample for all BGT by glucose
meter and only 20.4% were applicable with other blood sample types. Three co-enzymes, i.e.,
NAD, PQQ, and FAD were found in current technology of BGT by glucose meters. Pyrrolo-
quinolinequinone (PQQ) was the mostly frequently used coenzyme for BGT (41.4%). Approxi-
mately seventy-five percent of glucose meter displayed results within 5 seconds. Storage
temperature for blood glucose test strips ranges from 4 to 30 °c (45.5%). Blood sample volume
used for BGT by glucose meters ranges from 0.3-0.5 ul (63.6%).

In conclusion, one hundred and six glucose meters were operated by two measuring
systems: photometric and amperometric while the latter was more commonly used. These two
systems could be used with either GOx or GDH. Review from data published in journals from
2011-2016 indicated that the technique most frequently employed for glucose meters in Thailand’s
hospital settings is GDH-PQQ-amperometry.

Keywords: Blood glucose measurement, Glucometer, Point of care testing, Self-monitoring blood
glucose
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Table 1 Technology principles and enzymes used in glucose meters (n=106)
Number of glucose
Technology principles and enzymes Percentage
meter
Photometry-Glucose oxidase 3 2.83
Photometry-Glucose dehydrogenase 3 2.83
Amperometry-Glucose oxidase 42 39.62
Amperometry-Glucose dehydrogenase 58 54.72
Total 106 100
Table 2 Number of sample types usable for glucose meters (n=103)
Number of glucose
Number of sample types Percentage
meter
1 82 79.6
2 5 4.9
3 6 5.8
4 10 9.7
Total 103 100
Table 3 Co-enzyme types used in glucose meters (Nn=63)
Number of glucose
Co-enzyme Percentage
meter
GOx — PQQ 4 6.3
GDH - PQQ 26 41.4
GDH - NAD 4 6.3
GDH - FAD 23 36.5
GDH - Mut Q 6 9.5
Total 63 100
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Table 4 Display time of glucose meters (n=95)
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Number of glucose

Display time (seconds) Percentage
meter
5 71 74.7
6 1 1.1
7 3 3.2
8 6 6.3
9 1 1.1
10 11 11.6
30 2 2.0
Total 95 100
Table 5 Storage temperature range of blood glucose test strips (n=55)
Range of temperature (°C) Sl e Percentage
meter
0-30 1 1.8
1-30 1 1.8
1-32 3 5.5
2-32 15 27.3
4-30 25 45.5
4-40 1 1.8
5-30 2 3.6
5-45 3 5.5
6-44 4 7.2
Total 55 100
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Table 6 Blood sample volume required for measurement with glucose meters (Nn=88)
Sample volume (microliter) SmsE e e Percentage
meter
0.3-0.5 56 63.6
> 0.5-1 15 171
> 1-1.5 11 12.5
> 1.5-2 1 1.1
> 2-5 3 3.4
> 5-10 2 2.3
Total 88 100

a 4
Insaluazasy
mnmaﬁn’m%auﬂﬁ‘umLﬂ?ﬂdmjﬁlﬁ'ﬂ

b4 ¥
o

hmasiannm Aauall w.a. 2554 fan.a. 2559
14U 106 U Afimaludszmelneuazluau
3% wuhimsanaiathmadoiaiesnsaia
Thaasfiannmilimanns amperometry
1A photometry warlunann1s ampero-
metry Houl¥ioulyd GDH lumsvinlfasen
AR GOx demaiuilessneuly! GDH
Lidesldeandiaulunisiilgnser udaia
SidnaseuiismilenlgAseniannnionla
GOx uazannsal¥lugdmsazae (soluble) vi3e
mlimzanuuurumusulagasIwasiau

13 i lvinmsasiaia

usaxnadeulesy GOx
1haamevanms GDH amperometry lignsuniu
AUANUAUGDIVDIBNTLIIU (oxygen tension)
d! dd‘ Y o ] A A
Faaznulunsainlydedadennniaenund
NAMIANEITIUIUVBILNAAADANL
unaudeaninmislinnnga (Gevaz 79.6) fe
wwennnviaeataenres Insnuinessesas 20.4

L oA D Yo A A A ' A o
whilunenunsald ldduidensiinduq $u @eam
A A v 2 9] A
LADALAY LAZLARAMSIA ALY IUMTIFNULATDS
anvthmastannm Jldnuasdnugitensy
mslfnunnaivinasesnnaiaiaianiala
luundadeala tieliinamsnsiadinnugndes
WipannuvaddeauaazsialifadesunIuANY
gNABIVEINIIATIVNUANAINAY FI0E1LBU
lushedhadeaunaazilSunannududegvsd
sandanluidengs tieanviadmetonlyl GOx
aldrgeasu (lesnineendiauainsnsuniu

UfAsenvemdnms Gox ¢

FINNIAI0E19100A
4 I~ - s ] .
MmsnazWnuMLNALadALLAIBALLUY (hematocrit)
o g Y (o No v | oY % M
ge Mmlviisnasaiutiesdinalv lddnhaasi
daou® Wailnumsl¥laewles! 3 ¥iia laun
NAD, PQQ uaz FAD
== dy IS k% s aaa
msanpiwuimsldnannsdinsen
GDH-PQQ wnfigaiesaz 47.6 183910
Taveulat PQQ fidadfe danuansalumstia
Ugasenaiganaziinnulgalunszuiums

Tuletsutaes (biosensor) WATATLUIUAIT



6334

duanzvididnason ualiteddia Ae AMITUAIU
nmhmariinaude Tuvazilaeulsi NAD
waz FAD dlanusumzduharangladga’?
uatfaatiuiimsiannlagly GDH-PQQ mutants
tiieaadfymnIsTunILINEIBUq 13U non
glucose (icodextrin U peritoneal dialysis,
maltose, galactose wav xylose) UANMSANE

4D wythmauuulua

VDIMUATUAUAZAM
TuaNAUIUMEIHTATUNIUAITATIVIAA Y
tATedasIvTanmariananinlsvdnnis
GDH-PQQ luviaeanAasd wazinasunIu
Tutadeansiviiaasianwnninlendnnis
GDH-FAD, GOx-NAD uaz GOx photometry
4 v Y ¥ o Xy -
nanudntugs Milumsfnmildnaasadiu
ihaan-unuludadldludiedraaenluriasa
Nead udluanuiuasanameaalinszuiums
1 s s 9°I lil YVar 9 1 s
g lumsdamsnvihamanlaueinlduaneafiu
Z . - . 4
Yudumsaady wazdadeduq amzyana
v J = = = A a aa 1
faiudamsimsaneindnlumanadtineae i
A g o = K
gamginlslumsiivuaunaaeinma
ludeanuhdiulng Gevas 45.5) uuzahlify
uaunadeulin 4-30 esrwaded lnsgmmgi
waegagavetszinalnglull w.e. 2554 83 w.a.
2558 fa 33 esruvarfedY Faganhiiuidn
Araauuzih daiudlfasaszmindaanudifiey
lumsivuounadeumugurgiuazaNuFui
a a £ a ) v :” g d. Y s
ysHngraaiivuall falweilesduniiu
a d' a g 4 L4 a wva
AawaaneainIuld vesfuamslulszna
TnesindlansestSuenmeanasa 24 $lug ield
A a ¢ o wa Y (A wa
tsedtanzrdaluiauazfgiamsuentia
dxsoaulaediallsednsan udaau
wenaaszian wu lsanenadadEuguanm
Mua FaR5anannnnin 9,000 wranlszmelng

s a| A‘ s a oA
dndawsestSuemammnzlunanlgiamsuas

g POMYIUNIUT uazame

Yalugraamdadannuldudisiunsiunga
=« g Ay v v
vMs Iududsziundinertesaisdeanin’ly
wnsandely
Ysuasdredruaeanlylunisase
a o’;; A = = = 1
Jenzihmalu@eannuinnigane 9 0.3-
0.5 lulasans Gewar 63.6) FaveAvsamsly

Y 1 = 4 A 9 o Y <
fedfTinastiesfs nzd iy Hnciny

- v Y Y s Y ] - A
Honldtios wATEAITILIIVBIFI0E1ARANN
Psnastiesnnvaeadendes exomlvgianziiy
-~ = 2 = z -~ o Y a
Weadutruusnaaieiie MldAamsuan
< A . o X
voudiadeauad (hemolysis) 1@ usnALMS
A19793z8zmIudAINaNTILATI L YiNUSosa s
74.7 enuwai 5 Jnd Fududeddedldnu
AINIONINUNAMTILATITHDE195IAI5D
msl¥aIeansraiarhemasiananluy
aomumnyIanIsdeslnmsdsziiuganinau
WMATFIY (B LOINIMINAgeL o yaguanihe

dmfudszinalng we. 25587 szydr ms
o A a - A 1% a
AataenuazlszidiuiaTedde Avanasanly
Widedsdellil 1) Jaguszasdnmisldaunms
nagey POCT 2) iasedileldiunisiuses
AMAMNABNATTINANNG ViaeszdAulszme Tag
MUANUANZNITUNITOINMITUAZYT (9Y.) UAT
3) AUMINIUADVID (method verification) N4
4 a wva
vioaliiams
MIUITHUANNYNABIVBINANTATID
haanglaadeiaiesnsaiaihmangladuuy
¥ ¥ ¥ 3
WAINAIABITBAAARIMNTMYUAINAIFIUISO
15197:2013 (atiud1ga) Falsanuinaanis
\ o X A qu A o ¢
HIUMITUTeNaIH Ul waziwelvindadam
1 4
isednsIvinhmanglaauuuwam limsiuses
11933114910 CE (European Conformity) tolv
ansadimihelaludszimanguannainglsy
< Ao 9 ¥ 3 o ] ¥ 4 !
Jamadiudeimuamunamlni 4 9o laud



msAngveyanisanainmanglaaluden: nanmsarieiauazmalulad

I'd a 1 % % s
1) inaimsdszdiueanugades (Winadeudu
waunagauinea U 3 lots YSuaihena
d' £ s t‘: % 9 £
nl¥nadevszavdmuazgalaglyanuiniuves
1iaa 100 Hadnsussagansunumslsainy
$% % 9‘; a Aa s 1 aa ar
WNTUYethaa 75 daansudetagans wazlsu
waEiuan Jewaz 20 (u Jewaz 15 2) M3
Uszdiuanssausdlsnu 3) Anvwansznuan
srduadiaidonuaadauty 4) YNUNANS

(16, 17)

FATLAMITUMIUMALAN ULAINUITY

1) wuiese3a519InmManUUNAN

Aounin
nlasusesnasgu CE hilasudsziuanugndes
VYBIHANITATIVILATIENADAAGDIMNNIATFIY
ISO 15197 Famadnnzyinligndedvesiaiea
p1vdanadennuianalalunmsdadulaiam
7Rl 4 @ Z IS a 4
Jiheld Aaiuaisimsdsziiuanugnaedves
isennIIathmangladuazuaunadey (el
HAN13A3IVILATIZANANNGNARIMNTOMIMUA
NAIPIU ISO 15197:2013 (adivarga)
nnauddedeunth” 1dauens
Yszifiuanugndedveanamnsiiaanglad
¥ 4‘ s 9\: ¥
Mmeinsesnnimhmangladuuunnm lagly
rectangle plots F3pamsrinaInuaninans
= = 12 q: 4; 4 4
wWisuounanmsaraiaiamananududuy
@1nd1 100 HadniudaiaBansuazAaud 100
a a o ' an g ! = o
Nadniudendansvuliinsineglunnnifediu
Tagldderimuamstsziiuanugndesueaniea
anvinhmanglagmunasguISO 15197:2003
waz ISO 15197:2013 dszgnald asld
o 4 B T
rectangle plots vz l¥icnmsnieuiiey
aussaUzvaILaUNAdeuraly lot luiAIeIngie
4
Jaumajutaediu wazansnsafIsuiney
H 4 k4
ausTauzvenIBIATIIIAmamauldneay
Famaresfiiamsaansaiiunaila rectangle

plots HiniszyndlFazalalusinan

6335

Y X Y a o4
AIUNITATIIAalULAEAAIBLATBY
asvthamasiannniumsaaieAamuszi
¥ v 2 e
hmalugihelsawnmmnuniiu wazhilddmsy
mndelsanvnu Ingivaeifadendinase
ANNYNABIVBINIATIVANIBIATEIATINNAAFIIA
4 1 o S a C4
wam laun wanms wmalulag siavedeu e
¢ a ¢ v A
uazlaewled wdtewed wazil¥nu lasman
4 . \ o dy A s a
(A309A5IIMNIAaLAas BTN aNTIANIBA N
wisnzaslumslsnuuanaady wazmslsinsea
v
anviahmangladuuunnwiluaaiuneiuia
I 1 Ay =
p1vdumslilunduunaaanbilianureinagms
o9l i35 (non-laboratory skill) vi3eiHums
Y U 4‘ a
nadey o 3aRthe walynemsnsianamu
szdmnhmangladludthewnvnueitiy :auma
UszmadiinnuauenssuMIamsuaze (89.)
Tadataseansrathaariannnitiuiaieaiie
wnddmsumafiatemeneniiame (In vitro
diagnostic device) w30 IVD szianfi 3 Ao
4 o da 4 . "
(A3RANBUNNINNANITBIGIdoYAAATTOAN
= ' (20) @2 = 1
@Weosthunasdeammsagy'™ dstiumisnmeiie
U U = 3 k2 Vv ]
doumsl¥anu aanafl¥nudesriumsilneusy
1 = U v ] = a a
Asudavzansolynulasgratidss@nsmnuas
ldnamsanaiangndes
o ey oo o X
msAnUNveNAa il
1) psesasrvhmariannminlgese
Tudszmalngduiy 106 aseanlasusinlu
= g I ) 1 o d‘d Y a
msantfuiigavnadivvessuIunilsasa
z .~ . vd 4
favine wazdananuduaulumslsyenieaves
' A A A VW v I
waaziszna 1ansealsre Senmanuuiiaz iy
(ATRIUReI AU Aufungrnesesiiounndues
1 =2 é’a 4 ¥ '
usazdszina msfnmiadlauanuaadeyasiag
muvenuand1ain wazuiadeyaliaiansa
swnlansunn 106 w3ee wesnnldlsing
k%4 1 Z ) U d‘ v Y a
veyamariululuunsavseundanlyenada



6336

2) 1ATeansdvImIaviannnInly
o/ 4 ¢ s o
ranmsteulsd laeulsd@ednu dalSanauas
NiadeueguULALUNATBUAINAY T3AITANN
Sinameatoulasl Usinamealaeulsd wazyiia
Yo uNALDLABSINIAN B lsAMULATRINTIDTIA
9; 5! £ d‘ 2 =
maimslsnunaiige o nauarthe 39073
v ]

ATzHIINIIMIATINMalulaenflIgLnIeInTID
haastannmdulsinensaamuseauiinea
Tudealudthelsawnruohtiy himansals
dmSumsduaRelsavu

naanssulszma

VaUBUAN A1AIBNNALANITUNNG
ANZANIBANANT UMINGIEULIAIT ﬁaﬁuagu
Tumsaiumsfinnil

(ONA1591994

1. Boonyawongvirot J. Thailand's national
guidelines for point-of-care testing
(POCT) [Internet]. 2015 [cited 2016 June
3]. Available from: http://blgs.dmsc.moph.
go.th/assets/Userfile/POCTguideline.pdf
(In Thai)

2. Phetyang W, Laorsri J, Wittayapornpong
K, Kongros K, Treebuphachatsakul. The
survey of quality control system of blood
glucose meter in Thailand. The 38"
National Graduate Research Conference,
1" ed. 2016: 276-82. (In Thai)

3. American Diabetes Association. Tight
Diabetes Control. Diabetes Forecast”
magazine [Internet]. 2015 [cited 2016 Jun
26]. Available from: http://www.diabetes.
org/living-with-diabetes/treatment-
and-care/blood-glucose-control/tight-

diabetes-control.html

g POMYIUNIUT uazame

The Medical Technology Council. Manual
of blood glucose monitor (Blood Glucose
Meter: BGM) [Internet]. 2013 [cited 2016
June 1]. Available from: http://www.
mtcouncil.org/content/522 Manualof-
bloodglucosemeter-MedicalTechnology-
Council (In That)

Lolekha P. Applied clinical chemistry.
Bangkok: Chaicharoen; 1990. (In Thai)
Tang Z, Louie RF, Lee JH, Lee DM,
Miller EE, Kost GJ. Oxygen effects on
glucose meter measurements with glucose
dehydrogenase- and oxidase-based test
strips for point-of-care testing. Crit Care
Med 2001; 29: 1062-70.

Kraiphaibul P. Haematocrit [Internet].
2015 [cited 2016 May 29]. Available from:
https://www.siamhealth .net/public_html/
Health/Lab_interprete/hematocrit.html
(In Thai)

Tang Z, Lee JH, Louie RF, Kost GJ.
Effects of different hematocrit levels on
glucose measurements with handheld
meters for point-of-care testing. Arch
Pathol Lab Med 2000; 124: 1135-40.
Baxter International. TH country specific
glucose monitor list [Internet]. [Cited 2016
Oct 1]. Available from: http://www.
glucosesafet y.com/th/pdf/TH%20
country%20specific%20glucose %20
monitor%?20list.pdf (In Thai)



msAngveyanisanainmanglaaluden: nanmsarieiauazmalulad

10.

11.

12.

13.

14.

15.

Nuntnarumit P, Chittamma A, Pongmee
P, Tangnoo A, Goonthon S. Clinical
performance of the new glucometer in the
nursery and neonatal intensive care unit.
Pediatrics international: official journal of
the Japan Pediatric Society. 2011; 53:
218-23.

Sukkham A. Accuracy of blood glucose
levels from finger detector compared to
finger automatic chemical detector
[Internet]. [Cited 2016 Oct 13 ]. Available
from: http://www.cmneuro.go.th/TH/
load/research/r53-29.pdf (In Thai)
Charoensri S, Khahmahpahte S, Thepsut-
hammarat K, Pongchaiyakul C. An evalu-
ation of blood glucose measurement using
TRUEresult blood glucose monitoring
system. J Med Assoc Thai 2015; 98:
839-46.

Promdee L, Mingchai J, Tinkachat S, et al.
Interferring substance in Point-of-Care
Testing Glucometer. Songkla Med J 2011;
29: 289-97. (In Thai)

Wittayapornpong K, Treebuphachatsakul
W. In vitro study of low concentrations
of D Mannose interferences on blood
glucose testing by glucose meters.
Buddhachinaraj Medical Journal 2016;
33:272-81. (In Thai)

National Statistical Office. The Govern-
ment Complex. Table of Temperature
Statistic from National Statistical Office
[Internet]. 2013 [cited 2017 Jun 13].
Available from: http://service.n so.go.th/
nso/ nso_center/project/search/result_by_

department-th.js (In Thai)

16.

17.

18.

19.

20.

6337

International Organization for Standard-
ization. In vitro diagnostic test systems—
requirements for blood-glucose monitoring
systems for self-testing in managing
diabetes mellitus. ISO 15197:2013.
British In Vitro Diagnostics Association.
Changes to the ISO 15197: 2013 Standard
— Urgent Action Required [Internet].
[Cited 2018 May 2]. Available from: http://
www.bivda.co.uk/Portals/O/Documents/
Briefing%20for%20HCPs.pdf
Freckmann G, Schmid C, Baumstark A,
et al. System accuracy evaluation of 43
blood glucose monitoring systems for
self-monitoring of blood glucose according
to DIN EN ISO 15197. J Diabetes Sci
Technol 2012; 6: 1060-75.

Muller P, Hattemer A, Stephan P. Assess-
ing system accuracy of blood glucose
monitoring systems using rectangle target
plots. J Diabetes Sci Technol 2015; 10:
350-65.

Thailand Food and Drug Administration.
Classification of medical devices for
external risk-based diagnostics 2015.
Announcement of the Food and Drug
Administration 2015. (In Thai)



